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208 1 chapter j ReccfriWB^TW DISA and Genomics 
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aaqut no* with that M known 
proteins to gain inelohi into 
function of the protein 



Stquanea laoteted gene 



use explosion voctorto 
product the encoded protein 



The availability of. restriction enzymes also facilitated 
development of techniques for rapid DNA sequencing in 
the Ute 1 9?0s* A long DNA molecule is first cleaved with 
restriction ztvtymz* mt<? a reproducible array of fragment^ 
whose order in die original molecule ia deXTflliaed. 
Procedures also were developed for decerminiflg the 
sequence of bases in fragments up to 500 nucleotides 
long. Thus there was no longer any obstacle to obtaining 
the (sequence of 9 DNA containing 10,000 or more 
nucleotide*. Suddenly* any DNA could be isolated and 
Kequenced, Wft>. the aid of eornputet^iitomated 
procedures for sequencing DNA and for storing, 
comparing, and analyzing sequence data, scientists will 
complete sequencing of the entire human genome in the 
rwxt Sew years. 

In rhe pssc, two basic approaches were available for 
unraveling the molecular basis of complex biological 
processes: (a) biochemical purification ird analysis of a 
protein baaed on its functional characteristics (Chapter 3) 
and ;h) cia*$\cal genetic analysis for the chataci^iizarion 
and mapping of genes defined by mutation* {Chapter ft*. 
The group of techniques diacuaaed in this chapter* often 
collectively referred to as recombinant DNA technology, 
provide a link between these cwo types of experimental 
strategies, the analysis of proteins and the analysis of 
ger^s. Today's molecular coil biologist? c«i begin wirh an 



isolated protein and clone the gene that encodes it. The* 
al«> can reinsert doocd DNA, whether natural modiS 
or completely synthetic, into cells and teat its biologic*] 1 
activity. Alternatively, with the techniques described in 
Chapter * s researchers can begin with the concept of a 
gene identified by the characwriatics of a mutant organic 
and iioLite « DNA clone containing the gene. Ulrim*tci Y 
the encoded protein can be produced in sufficient 
quantities for detailed study. The marriage of biochemical 
and genetic approached by recombinant DNA technology 
provide* an enormously powerful strategy fbt *tudyii*g 
role of particular protein* in cellular processes, Tti this 
chapter we describe the various recombinant DNA 

technimift* rjiaf nmrmir tUim f*» »;*•£■-■ t rwn.nvnitiHiJ , K 

_ . — - ^ r ^ 9 ^ -^o^ 

which is * urnmanzed m the flow diagram on the left. 



71 DNA Cloning with 
Plasmid Vectors 

The essence of cell chemistry is to isolate a particular cellu- 
lar component" and then analyse itt chemical structure and 
activity, In the case of DNA> this is feasible for iebtiv<l T 
short molecules auch as the genomes of small viruses. But 
genome* of even the simplen eel Id are much roo lar$c to 
directly analyze m derail at the molecular level. The prob- 
lem i* compounded for complex otgamims. The human 
genome, for example, contains aboux 6 X 10* base pa«r» 
(bp) in the 23 pairs of chromosomes. Cleavage Or human 
DNA with restriction enzymes that produce about one cut 
for every 3000 base pairs yields some 2 million fragments, 
far too many to separate from each other directly. This ob- 
stacle to obtaining pure DNA samples froth large genome} 
has been overcome by recombinant DNA technology! With 
die*c methods virtually any gens can be purified* its sequence 
determined* and the functional region* of the sequence 
explored by altering it in planned w»ys and reintroducing 
the DNA into cells and into whole organisms. 

The essence of recombinant DNA technology i< xht ertp 
action of Urge numbers of identical DNA molecules. A 
DNA fragment of interest is linked through standard 
3' — + 5' phosphodiexter bonds to a vector DNA molecule, 
which can replicate when introduced into a host cull. When 
a single recombinant DNA molecule* composed of a victo* 
plui an inserted DNA fragasent, is introduced into a host 
cell, the inserted DNA is reproduced along with the vectoi, 
producing farge numbers of recombinant DNA molecule 
that include the fragment of DNA originally linked to the 
vectoc Two types of vector* ate most commonly used: £• co* 
plagrnfcf vectors and bactsnaphage A vectors. Plasmtd vecrora 
replicate a bag with their host ceils* while X vectors rep«* 
cnte as lytic viruses, killing the host cell and packaging th* 
DNA into virion* (Chapter 6). In rhia section, the jenctai 
procedure For cloning DNA fragments ill £. coh plasmid* 
is described. 
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R0 7-4 isolation of DNA fragment* from a mixture 
. in t ptosivrirf vector. Four distinct CNA fragments, 
j diffarBrt? colors, am inserted into p'asmfd cloning 
■giving 9 rnecture of recombinant pbsmica eacn corraunine, 

l*** 1 ^ the mixture of recombinant plasnnide and th 



- - - - ' - ^ ' r. — 

£IuM»d wfrn the mixture of recombinant plasnnide and then 
'■Jjl^ nutria* aoa? containing emplcffln. Eaen colony of 
Jf^Mrniatf, antfo*rtic-r*sistant ««» that grows (representee by 

"^yD Of Mil*) fr<?fn 3 S,n 9' a C011 U & 009 *> r 

^ the '*eemtw»m ptaamlds; all tha cete in * grven colony 
""^sriy the sarn* DNA fragment. Overnight incubator of E cop 
JJ?7 produCM v/stf?te cotoniaa comaininB about a million ceils, 
g tn* ctf onlaa a* 8 separated Iron on* another on the culrura 
* uotfiBs of tne> 0*JA fragments In tho oripinal mixture ira 
JJalatad in tne individual colonies. Although <ts not shown nora. 
the watormad c»tl» soraain multiple conies of a ojvan clesmie*. 

tt«of plasmic! OKA and segregates to daughter cells as 
^ colony grows. In this way. the initial fragment of DNA 
$ repliutcj in the colony of cells into a large number of 
identical copies. Since all the cell* in a colony arise from a 
siagic transfcraiec* ?>axcfitat eatt, rhcy constitute a clone of 
edli- The initial fragment of DNA inserted ittro the parental 
pfomid is referred to as cloned DNA, since it can be iso- 
lated from the clone of cciU. 

OKA cloning allows fragment* of DNA with a particu- 
lar nucleotide sequence to be isolated from a complex mix* 
turc of fragments *rrh many different sequence*. Aa a simple 
sample, assume you have a solution containing four dif- 
ferent types of DNA fragment*, each with a unique sequence 
(Figure 7-4). Each fragment type is individually inserted into 
a plasmtd vector. The resulting mixture of recombinant pla»» 
mids is incubated with £. coli ceils under conditions that fa- 
cilitate transformationj die cell* then axe cultured on anti- 
biotic selective plates. Since each colony that develops ato»e 
bom a sinaie cell that took up a single plasrnid, all the cell* 
in a colony harbor the identical type of plajmid character- 
ized by the DNA fragment insetted into it. Aa a result copies 
of the DNA fragment* in the ini rial mixture are isolated from 
one another in the separate bacterial coJonte*. DNA cloning 
thas is a powerful, yet supple method for purifying % par- 
ticular DNA fragment from a complex mixture of fragments 
and producing large numbers of the fragment of interest 

festrictiaa Enzymes Cut JONA 
Molecules at Specific Sequence* 

To clone specific DNA fragment* in. a p'asmid vector, as just 
described, or in ether rectors discussed in later sections, the, 
fragments must be produced and then inserted into the vec- 
ror DNA. As noted in the introduction, restriction enzymes 
and DNA tigases -ire utilized to produce such recombinant 
ONA molecules. 

Restriction enzymes are bacterial enzymes that recognize 
specific a- to 8 -bp sequencer called restnetfo* sites, «id chen 
cbsva both DNA strands At thi$ site, Since rhese enzymes 
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cleave DNA within the mcieculc, they axe also called restric- 
tion cndcimchom to distinguish them from exonuc!eases» 
which digesr nucleic ^cidi hom an end- Many restriction 
aites, Jlke the EcoKS site ahown m Figure 7-5a» are &hon in- 
ycrted repeat sequences; that ia k the reatrtcnoor^ite sequence 
is the same on each DNA strand when read In the 5' 3' 
direction. Because the DNA isolated from an individual or- 
ganism has a specific sequence, restriction enayma* cut the 
DNA into a reproducible see of fragments called restriction 
fragments (figure 7-6V 

The word restriction in the name of these enzymes re/era 
to their function in the bacteria from which they ore ooJacedr 
a .restriction 

etrdonueleaae destroy* (restricts) incoming for* 
eign DNA (e.g., bacteriophage DNA or DNA taken up dur- 
ing tranaformadon) by cleaving it at all the restriction sices 
in the DNA. Another emyme, called a modification enzyme, 
protects ft btcterianVs own DNA from cleavage by modify- 
ing [t at Qf near each potential cleavage site. The modifica- 
tion cn»yme adds a methyl group to one or two bases, uiu- 
ally within the restriction site. When a merhyl group is 
ptesemt there, the restriction cndonuciciise is prevented from 
caning the DNA iF»gut* 7-5b). Together with the restriction 
endonoclcaic, the methyladng enzyme form* a refttriction- 
rnodifiearion system that protects the host DNA while it 
destroys foreign DNA, Re*trietion enzyme* have been puri- 
fied from several hundred different species of bacteria, 
allowing DNA molecules to be cut at a Urge number of dif- 
ferent sequences corresponding oo the recognition sire* of 
these enzyme* (Table 7-1). 
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DNA Ck*rti»g wnth Plasmid Vccloct ! 213 



Selected Rejmetiott EndotfucJeascs and Huur Rcftrictioa-Shc Sequences 



factor I***"* 

%&ma?kite patab**motyt*.us 

S^tocoso** aureus 3 A 
S)na da marcesetu 



Enzyme* 


Recognition Site <J,) T 


Ends Produced 






Blum 




g;gatcc 


Sticky 




G4AA7TC 


Stkky 




. GACpC+54 


t 




A^AGCTT 


Sticky 


Hp*I 


GGTGA+84 




Norl 


GQGGCCGC 


Sdcky 


Som3AJ 


4GATC 


Sticky 


SmaT 


CCQGGG 


Blunt 




T^CCA 


Sticky 



'Butt** *am*d with fibfyrtvtaiivns <zfth* bacttnol 3Xtttr& from which <ir* hniaudz tks roman numeral indicant the mzymtb priority cf 
, M HWt *»oi* txafitph, A»«/ tfcrf /frit i^trrictieM wyw* to 6* ip>U&d frv>* Arthrobactw luteal.. 



^rc^v'dof* ntqttences art: written 5' ^+3' {only one strand is givitri). with Hta cttwtagc site indicated by am arrox*. Enaymn producing bhmt ends 
0* bovt indicated cAw jmJucing Hicky audi mahfi staggered C*U, wMt ciesvsgv ocatrriHX bamtn \ho ami nucleotides m 

tttfr $$>a*d a* show* i» frf"** 

*n), &s*M]p srtw Hpb/ tf*a* Hgtai occxr sjpkot/ nucleotide away from the Tttognt&m ttqncncs* cafr /wc rcfccfeetKsfe* J' to GACGC 
^ off -op ^>**<* a "d mdwHdm J' » OT«pl«wtf8ry CTCCO scq****** cm fht bottom str*nd- Hf nf cmU ttahi nucleotides X to 
fa COTG^ ttqutxca a* lb p. Uyf? strand and savtm nucleotides £' to the compfemensary CCACT .wqusncsr cm the bottom strand. 

sounca; R* J. Roberts, \9tt t XucL AcMt ft«. 1flsvppl):271. 



Dnnng fn vivo DNA replication, DNA ligftte catalyzes 
uvmasion cl 3 ' -> 5 ' phoaphodiceter bond* bctt*ccA dw short 
hftpnfoa of the diaeo&tiftuou*!* ^ynthcsiicd OKA «xand at 
a replication fork (see Figure 4-1 €). In recombinant DNA 
secfoiology, purified DNA ii^anc U used to cov^leotiy join the 
ends of restriction fragments in vitro. TTiis enzyme can cat- 
alyze the formation "of a3'^y* phcwphodi*9ter bond be- 
tween tb« 3'-hydcoxyl end of one rc*tricticia*ftdgmcftr strand 
t&6 the 5''ph.osphtce end of another irctrkticA-fcttgincnt 
rtwd 4urin5 che time that die $rick> ends arc transiently 
bMcpaiced (Hgurr 7-7). When DNA ligase and ATP are added 
to a M>lutioa containing restrict tan Irdgrnents with «ncky 



^RQ URe 7.7 us«tlor! of restriction fv*om«nt» wrtfi 
f*nptem«i»t»rv *t<c^y ood»» In tM flxamole. ffedRi fr^gmanm 
trom DNA I 17^' ire mix*d with several drfferaflt restriction 
tr «5m«mB. including £ct#tl fragmwvts. produced Iron DNA I 1 
frW. the snort OhiA sequonoos wmpo»ng the sticky enda ef 
«ach frapnient typa am shown, iha compi* nneMVtdry sticky ftnds 
5ft rhj two typa$ of fecflj f^gmants, U*» and »n trar»»r«V 
«**e-pair, whera*» th« T*u( frayrgrrts [bi and Hr?dl»t fraynonts 
^|vvfth j>oncofnpl«marnary «ic*v tryb do not base-pair to 5coPl 
J^B^nts. Thg adjaetnt 3'-hydroxy1 and 5 f -pho«p?»at» group* 
p»* oft the baso-paimod f ragnri^nte tfwn cov»tem»y io*r»»0 
l! K»t«d) by T4 DMA lig«se. On» ATP ts consumed for oocn 
^PNidiKsrer bond (red:- tormod 



OMAI 




T—T-A-A 




K + P 



HO' 

J Complementary 
end* baae-p«Jr 




3* Unpairvd 
*- fmgmanta 
9' (b) atid <*> 



DNA 

ilgase 



2 ATP 



r 



v 

»A-T— T- 
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wcptor Any prp^ btnd9 , ^xictMn 
mofccvUe j) iea «J) and then initiate i cdluki respomc R^iptor! 
lor Merqid hormones, which diffuse aer« s the plasms membrane 
are iocittd wuhm the cell; recaps fo r water-wtabie horm™^ 
PfP ndc ^owth factors, and rtaifwnxtimioR?r) ore located in the 
pfa*rn« mambrane xvith their !i$and -fondly ^—ad ro ^ 

externa] medium. ^ v ' 

WMtor ty^int kinase (RJKJ Member art .mportam claw of 
ceil*urf*« ttccpr^ wbw# o^oJic domain h&* mosme-.pcdf* 
ptotw Jc^ a5C sictivfty. Ugand blndm? Activity this Uum 
it> and .njemtes tntraccUuiar ttfnaJing pathway*, (Figure 20-23 > 
receive = to ***ti c », referring to that *hd« of a gene ihat i> not 
exprwed in the phcRDtype when ±t dorainam Allele i 9 presem. 
Wso refers ro die phenoeypc of an individual {homn^got*) carry- 
ins :wo reerwe alleles. (Fiaure a-i) * 5 ' ^ 

recombinant J7NA Any DNA molecule fi*m+4 mu 
irag^e»« froni different scarce. Om^ly produced Jrting 
. ^:eeal« »ith restriction ^ ^d ^ ( olning ^ £ 
siLt<rt«> fmgnieatt from different sources DNA lfc»*c. 
recotnttnarjoti Any procet* in which chromosome* or DNA mol- 
ecule* *rc cleaved and the ff.gmcfiis are rqoinod to pt*c new com- 
biw.cnj. Ocean narurolly in celb » >h* result of die expanse 
crowing over? of DNA sequence* on maternal and paternal cW 

m & nK<0 * 145 4lw " '•""^ 5n ^tro with purified 
DNA ft/id enzymes, * 

wuaion Gain of eleven, by ,* At cni or molecule ** occurs when 

l ' t0 4 moiifCU * c or ox ^n is removed The op- 
posit* of oxidgBon. 

«ducfion pottntiaJ The Voltage chang* w-ac n , n « om or n)C | ccuJe 
gain* an electron- 

repJicaooo htk S*g Kro^ing fork. 

r^fecAtian origin Unjy* DNA ****** Present i« dn or^m', 
gtnome ar which DNA replete* begins. Eukaryotic chtomo- 
contam multiple origin,, wher«» b.creri.1 enromoscmes 
and £U«nrd» often contain jusr one. 

t*pb*>n ^Ugion of DNA served by at* »0li t i.t ID n ori S m 

f^ohtri6ti The minimwn distance thai can be £sciii*n»h«d by *n 
opticiJ «ppafaKw; also called *tsfibt*x PO**r. 

re$pirado« cSmetal torts For any cellular procei* Sntoirln^ the up. 
of Oi coupkd to productw of CQ Zr 

r ertrictkm enzyme <end<m»dtMfie) A^y eniyme rh« ^Dgnixc* and 
^ aV ?^*^? f^? MquMee, the restrktion En doublc- 
atTatided D\A moleod« t These enzymes are widespread in bactc- 
/t ^ "tensiveiy in rewmbinant DNA ttchnoloey. 
'Table and Figure i 

restriction fea«m m A d*rUied OKA ittgwt wsuirifta ream 
a particular r*$tncttcm enryma. Tbcsc f«sn«:nte 
v< ancd in tiic production of rccombtnttnt DNA molecafei and 
DNA cloning, 

wtricHon point Tbc point in lain Cj of the ceil cydc at which 
mMfn«Ali a< i eHls bteome commitTcd to enretiog the S P Ko„ 4 ^ 
completing the cycle even in th« abtentc of atowtb factors, 
wotrariipofon Type ol eukar?otic roobUe DNA clement wfcese 

111^^ 10 thr SeCU>m * ^ *h RXA *t,tcrrnedia« and 

mvolwea * wmt transcHpnott artp. St* a /so twm»p<Hoiu 



Glossary I&15 

wwvlfh* A type of euWytttw Wrus crynt^ining an RNA gtnom* 
that replicates fn cell* by fcrw nulcing a DNA copy of th* RNA, 
Thai pmvirot DNA « inserted into eeilular chromo*onMu DNA 
4n4 jivea rise do furtner genomic RNA as well as tfa* mRNAs for 
viral proteins. (F^re 

rewc tnmscT^taae Zzjymt found in Mtroviru^cs that cara)™ 
aynthwii of a doublt-ttnnded DNA ftom a ^nglc-swwKkd RNA 
template, (Figure ° 

nbojomal RNA See rRNA. 

Hbosome A large complex compriaing several different rRNA 
mol^u.ea and more thp* ^0 pioceiita, orgnonired into a larj» 
Mibuxuc and small auhuwi* che tite of protein synthe*i^ (Fipirwt 
4-32 aAa 4-3-4) 

nboaymc An RNA molecule or teg^cnt with catalynt activity. 
x&iA inbtnvdm arid) Lintan, ^'nsjc-ftranded porjnnci; computed 
ot rtboac rtiicleotide*^ thar ia synthesized b» <raxis«ri0(ion rtf DNA 
or hy copying of RNA The *rec rypej «f cellalar RNA — n\RNA» 
rRNA, and dWA-iptajr different rolei in protein <yrrhc«5. 

RNA erifcug Uau^urI type oi RNA crotxwia* in which rhc *e- 
Cfuence of a orv-mRNA is altered. 

RNA polftnvrBM An enzyme that coplft* one of or 

RNA (the template atrand) to make the e**plef*«dtiiry UNA strand 
usmg a.* substring dbotiudeoaide rripn^hatM. 

RNA pocraJog Various modification! riwt occur to ma.iv 
but not«Q primary transcript ro yield Actional RNA molecules'. 
RNA ipfcchjg A process chat resiles in r^ov*! oiintrons and lom. 
Kg of e^ons in RNA*; 4 (^> spliotosomc. (Figure iu\6) 

rRNA (HbosomaJ RNA) Any one of iever^l large RNA n?o(ecul« 
our are ^micfural and functional components of Wbotomes. Of- 
ten designated by their sedimentation coefficient: 28S, 18& J SS. 
and JS rRNA m higher eukaryotc5.. * 4 

S (synthesis) phase See cell cycle. 

sarcoma A ra*Iiet,*tir rumor derived from conneetiv^ dsBoe. 
**tcoinm Reputing unit of a myofibril in ^ iatcd mutch that ex- 
tends from one Z dl 9 V to an adjacent one »nd shortens during at- 
traction, (Figure J 8*27) ' 

Mrc C pio«mic reticulum Netw ut k of membranes char surrounds 
each myofibril tn a rr-uwle cell and sequesters Ca* ions. Sttmola- 
uon of a rouscJe cejt induce* release of Ca 7 - tons into the eytosol, 
tri^gerjng coordinated cotitxac:wn along rh« l*ngtb of the cell 
(Figure 18-31 i 

Schwann cd! Type of gtfaf ccO that *nns the m>xt» sheath around 
axons in the penpheral nervous sy*t?n*. 

second nuuMfiger An Jnrracelbiar sipijhng molecule whose cor- 
<cnr/aili!Ki increase* (or decreases] in response co binding of an cx- 
tra^luiar Kgaad to * reU-$uff»ec receptor. Example* inelude 
cAMF, Cs , diacylglycerqt (DAC). and .nosiroi T.^S^Csphosphatc 

seconds^ structure In proteins, local foidmg of a polypcpdde 
chain into rd^uloi- stfuct.ires including the a heli^ & ^ecL itid U- 
thaped rums and loops. 

secretary ve*Mt Sinall ir^h^/jr-ivwiid ot^k tfwiwjn^ m.^ 
ecofea destined co be released from ^e ceil. 
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